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Background Bipolar probe responses are typically seen using dual bobbin probes on volumetric tube defects, such as pitting and wastage. The phase angle of this response generally has a consistent relationship to the defect depth, is easily identified and measured, and is used extensively for estimating volumetric defect depths.
Detection and sizing of tube cracking has been more problematic. Dual bobbin probes have had some success with axial crack detection, but circumferential crack detection is not possible for all but the largest cracks. Improved circumferential crack detection probes have come in the form of arrays of surface riding coils and pancake coils that are mechanically rotated in the tube. More recently, the Zetec plus point probe has been successfully deployed in commercial applications for crack detection in any orientation. Crack sizing, however, remains difficult in part because of the lack of a consistent feature in the data on which to base a depth estimate.
The rotating field probe is a driver/pickup style with two orthogonally wound drive coils and a pancake pickup coil. The driver coils are excited by two sine waves 90" out of phase with each other. The physical arrangement of the drive coils and the 90" phase shift of the excitation waveforms creates a field which rotates in the test piece under the drive coils.
Previous experiments using a rotating field eddy current probe in this configuration [ 
1,2]
have demonstrated a bipolar response to cracks and notches.
Th&e experiments were performed using relatively large excitation coils, wound on a nearly cubic 2 inch coil form, with a 0.5 inch diameter pickup coil on flat plate specimens.
The rotating field probe used for the work reported here is based on a modified Zetec plus point probe used for the inspection of 0.5 inch outside diameter (OD) tubing. The advantage of using the plus point probe is that it is a commercially produced probe with a pair of orthogonally wound coils A pancake pickup coil was wound on the existing probe housing.
This modified probe produces and detects the rotating eddy current field. It is mounted on a probe body that rotates physically in the tube. Thus, not only does the field in the test piece rotate under the probe coils, but the probe coils also rotate in the tube. The unique aspects of the measurements described here are the result of the rotation of the induced field under the probe coils. Figure 1 shows a schematic of the rotating field probe transducer. In this experiment, the driver coils (coil 1 and coil 2 in the figure) are the coils of a Zetec plus point probe. These coils are wound orthogonally. The probe's magnetic field is applied to the test piece at one of the intersecting areas of the coils. The pickup coil was wound in a groove machined into the plastic housing of the plus point probe. Figure 3 shows a block diagram of the experimental setup which consists of a Zetec MIZ30 eddy current data acquisition system, an external ac power supply, and the rotating field probe. The external power supply is triggered from the ME-30 probe drive signal and supplies a waveform that is matched in frequency, amplitude, and duration but is shifted by 90" electrically. The probe coil assembly is mounted on a probe head and motor unit designed for driver/pickup applications in 0.5 in. OD tubing with 0.047 in. wall thiclmess.
Discussion
In the configuration just described, the rotating field probe is self-nulling, that is, there is no pickup coil output in the absence of a defect. The excitation current and the induced eddy current are parallel to the plane of the pickup coil. The pickup coil only detects out of plane, induced-field components caused by the presence of a defect. This makes the probe relatively insensitive to noise producing conditions such as liftoff and sensitive to defects in any orientation. Only results from circumferential notches are reported here, but measurements on axial notches were also performed successfully. 
Results

Conclusions
The rotating field eddy current probe was successfully scaled down for use in detecting OD initiated flaws in 0.5 in. diameter, non-magnetic tubing. The probe produces a bipolar response on circumferential EDM notches. The phase angle of this response is easily identified and measured. The phase of the response changes with flaw depth and also exhibits the expected response to changes in frequency. The data presented here indicate that the rotating field probe can be used to estimate the depth of circumferential crack-like flaws.
Notches with depths as shallow as 40% of the wall thickness were clearly measured. The 20% notch, which is easily detected with the conventional plus point probe, was not clearly discernible with this probe. However, these measurements were made with a proof-ofprinciple probe made from materials on hand, and was not optimized.
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